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Abstract 
The role of RNA, and hence its regulation, cannot -w-y 
_ _- -a - 
RNA is the conduit for the flow of biological information stored in DNA but 
manifested in proteins. Besides, the role and applications of RNA interference 
(RNAi) is currently one of the exciting areas of research. Ribonucleases 
(RNases), enzymes that help control RNA regulation by degrading RNA, have 
also been of immense interest. Specifically, (pancreatic) RNase A, an enzyme of 
about 120 residues, has been one of the most widely studied enzyme in various 
fields of research, ranging from protein folding to cancer therapy. 
RNase A belongs to a superfamily named after itself. Among the members 
of this superfamily are angiogenin, eosinophils cationic protein (ECP), 
eosinophil-derived neurotoxin, seminal-RNase and onconase. RNA cleavage is 
only one of the functions of some of these enzymes. They require the 
ribonuclease activity to perform some of their other functions. Extensive work 
on RNase A and angiogenin has been carried out earlier in our lab. This thesis 
comprises the work done on the eosinophil-associated RNases (EAR, ie. ECP 
and EDN) in relation to their dynamics and docking of ligands. The insights 
that have emerged into the catalytic mechanism of RNase A family of proteins 
based on the study of EAR and their ligand-bound complexes have been 
discussed. Comparisons with similar studies performed on angiogenin and 
RNase A are also presented. 
The material presented in the thesis is divided into eight chapters 
focusing on various aspects of the work. Chapter 1 constitutes introduction to 
the structural and functional aspects of the enzymes of the RNase A 
superfamily with emphasis on the EAR proteins The objectives of the thesis are 
also outlined in this chapter. Chapter 2 details the methods and materials that 
have contributed to the thesis work. Chapter 3 focuses on the water analysis 
technique developed to understand the role of water molecules, specifically 
those that interact for a longer time and hence forming atypical interactions 
with the biological system of interest. Chapters 4 and 5 discuss in detail the 
molecular dynamics studies carried out on EAR enzymes. Chapters 6 and 7 
present the work on the dinucleotide-docked EAR complexes, insights into the 
catalytic mechanism of RNase A family of enzymes, and the role of water 
molecules in the formation of active-site. 
Chapter 1 
The first chapter constitutes a survey of the relevant literature. 
Classification and functional insights into relevant enzymes, obtained through 
various studies, are presented. The objectives of the thesis are presented in this 
chapter. 
Chapter 2 
The second chapter describes various techniques used in the studies 
performed. A brief description of the well-known techniques or methods like 
molecular dynamics simulations, cross-correlation maps and essential 
dynamics analysis is given. Some of the techniques used in the analysis, and 
used extensively to understand and interpret the dynamics and stability of the 
systems studied were developed during the course of the thesis work. These 
techniques, which include the extensive analysis of hydrogen bonds, both at  the 
side-chain and the main-chain levels, as well as at the atomic and residue level 
are explained in detail. Water analysis, mainly related to water-networks and 
water bridges formed by water molecules that interact with the protein or ligand 
atoms for longer times with the systems of interest are also explained. 
Chapter 3 
The third chapter focuses on the investigations carried out on RNase A 
and angiogenin from the point of view of hydration pattern analysis. A robust 
technique was developed to understand the role of water molecules in 
influencing protein dynamics (Proteins, 2004). The role of water in the protein 
dynamics can be seen from two perspectives. First, in terms of kinetics, wherein 
one can see how fast protein-water interactions happen, and measure their 
exchange rates. Typically, a water-molecule binds to a protein atom for about 
40-60 ps. We have characterized different atom types in terms of accessible 
surface area, mean hydration and maximum residence time of water molecules 
interacting with the protein atoms. The other perspective involves the role of 
water molecules in stabilizing biomolecules. It is hypothesized that for a water 
molecule to impart more than usual stability to biomolecules it is essential that 
the water molecule(s) itself (themselves) interact longer (and hence stabler) with 
protein atoms. We have used simple graph theory to identify such interactions. 
This technique, besides identifying the water molecules interacting with the 
protein atoms, also identifies water-water interactions. The results obtained 
from this study on bovine pancreatic RNase A and angiogenin, from simulations 
and from invariant water analysis of crystal structures are presented. 
Chapters 4 and 5 
Eosinophil-associated ribonucleases (EAR) are members of RNase A 
superfamily of enzymes which are toxic to antigens as well as to host tissues, 
and are shown to have anti-bacterial and anti-viral activities as well. EAR 
proteins are also implicated in several disorders and diseases. They share 70% 
sequence identity between themselves, and are believed to be the fastest 
evolving coded marnmalian proteins. They also share structural similarities with 
RNase A and angiogenin, and sequence similarity is about 30% with many of 
the active-site residues being conserved. We have carried out molecular 
dynamics (MD) studies on the two human EAR enzymes. Two simulations were 
performed on each protein. The simulations have shown that the C-terminus 
loop, which interacts with the N-terminus loop, can adopt multiple 
conformations. The pore-like conformation, as was observed in the crystal 
structure, was also seen besides an open conformation wherein the two regions 
move away completely. The two regions can also pack so as to eliminate the 
pore through side-chain hydrogen bonds. Extensive analysis based on essential 
dynamics, side-chain and main-chain hydrogen bonds both at  atomic as well as 
at  residue level, atomical dynamic cross-correlation maps and water analysis is 
presented. The primary role played by water molecules in determining the above 
conformational transitions is shown. Comparisons are made between the two 
simulations of each protein. The hydration patterns and the protein-water 
networks obtained on these two proteins are compared with RNase A and 
angiogenin. Part of the work related to side-chain hydrogen bonding and 
correlated motions have been published (EPJ D, 2002) and the work on 
conformational transitions in ECP is published in (JBSD, 2004). 
Chapters 6 and 7 
RNase A and its ligand-bound complexes have been extensively studied 
as reported in the literature. On the other hand such extensive details on the 
ligand bound structures of EAR proteins are not available. For example, only 
one ligand-bound structure of ECP is available, in which the ligand is 2'-5' ADP. 
Although this provides some idea about the mode of binding of a nucleotide to 
ECP, it is not a good substrate analog since the catalytically important 2'-OH 
group is blocked by a phosphate group. It is extremely important to learn about 
the mode of ligand binding to EAR proteins in order to gain insights into the 
EAR protein-ligand interaction and to understand the details of the catalytic 
mechanism of RNA by the proteins of RNase A superfamily. Chapter 5 focuses 
on two aspects: 1) generation of the dinucleotide (ligand) - bound complexes of 
ECP and EDN. The investigation details and its implications to RNA catalysis 
have been discussed in this chapter. The following is a brief summery of the 
findings based on the docking of the dinucleotides and extensive simulations on 
the ligand-bound complexes of ECP and EDN. 
The dinucleotide (CpG, CpA and UpA) bound structures of EAR enzymes 
were generated by considering the flexibilities of both the protein and the ligand 
geometries. The flexible protein geometries were generated by 5 ns MD 
simulations on native EAR enzymes. The important modes of the native and the 
ligand-bound structures were captured by the essential dynamics calculations. 
It is shown that the behavior of the top modes of native and the ligand-bound 
structures are similar in all systems except in the case of native ECP. 
The protein-ligand interactions are analyzed in detail. The ligands make 
most of the contacts essential for the binding of the pyrimidine base at the B1 
subsite. The purine base a t  the B2 subsite is more flexible, a feature which is 
consistent with the observation on the ligand-bound structures of RNase A. 
Water molecules, that form a stable network, connect several of the protein and 
the ligand atoms. A complex network of hydrogen bonds involving protein- 
ligand and a water molecule a t  the active site persists during the dynamics 
tirnescale in all the six simulations. We have referred to such an active-site 
geometry as the 'melting-pot'. The complex network involving the important 
ligand atoms like 02 '  of ribose, the phosphate oxygen, the catalytically 
important protein residues such as Hisl5, Lys38 and His128 (His129 in EDN), 
a water molecule is ideally suited for changes in interactions that undergo 
during the catalysis. The participation of a water molecule in the active site 
network facilitates the inter-linking of crucial atoms by providing scope for a 
relay of protons among them. Finally, it is pointed out that the resultant active 
site geometry also accommodates many of the previously proposed mechanisms 
for RNA catalysis by RNase A. The work om ECP-ligand interactions has been 
submitted for publication. 
Chapter 8 
Chapter 8 summarizes the results presented in the earlier chapters. It 
also discusses the implications of the work and the insights into the RNase A 
family of proteins in general, and EAR enzymes in particular in relation to their 
dynamics as well as the catalysis. 
Besides the work presented in the above chapters, additional work was 
done on lattice models to design a sequence that takes up  a target confonnation 
as its native conformation (JCP, 2001). This is presented in Appendix A. A set 
of programs for various analysis presented in the thesis is being made user 
friendly and the details of the programs and algorithms are explained in 
Appendix B. 
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